The UK exit from the European Union (Brexit) is likely to have a range of impacts, with trade flows one of the most immediate areas where the effects will become evident. One possible outcome of Brexit is a situation where WTO tariffs apply to merchandise trade between the UK and the EU. By examining detailed trade flows between the UK and all other EU members, matching over 5200 products to the WTO tariff applicable to external EU trade this paper shows that such an outcome would result in significantly different impacts across countries. Our estimates of exposure at the country level show an extremely wide range with reductions in trade to the UK falling by 5% (Finland) to 43% (Bulgaria) taking into account the new tariffs and the elasticity of the trade response to this price increase. Food and textiles trade are the hardest hit, with trade in these sectors reducing by up to 90%.
Introduction
The decision of the UK electorate to leave the EU is likely to have wide ranging impacts on the relationship between the UK and other EU member states. Understanding the voter motivation driving the referendum result and potential knock-on effects in other countries was one of the most immediate questions raised (Hobolt, 2016 , Los et al. 2017 . In addition to the political questions raised, the economic effects are likely to be considerable and wide-ranging coming from changes in the degree of freedom of trade between the UK and the EU, changes in investment patterns and barriers to the movement of labour. Most of the pre-referendum research focused on the potential impact on the UK. Less analysis has been carried out on the wider impact of Brexit across the EU, perhaps as it had been anticipated that the referendum result would confirm the continued UK membership of the EU.
The focus of most existing research on Brexit has been on aggregate impacts across the economy. Much of this builds on existing research that has demonstrated the positive effects of free trade agreements on trade flows, such as that of Caporale et al. (2009) on the expansion of the EU to include countries in Central and Eastern Europe. Both the UK Treasury (see HM Treasury, 2016a,b) and the UK National Institute of Economic and Social Research (NIESR) (see Baker et al. 2016, Ebell and Warren, 2016) used the NIESR NiGEM model to estimate the macroeconomic impact of Brexit on the UK. The NiGem model, which is a world model, was also used to assess the implications of Brexit across OECD countries (Kierzenkowski et al. 2016 ) while the EU Commission used their QUEST dynamic stochastic general equilibrium model to estimate the impact on the EU (EC, 2016) . The macroeconomic implications on some individual EU member states such as the Netherlands (Bollen et al., 2016) and Ireland (Bergin et al, 2017 ) have also been estimated.
As the ultimate agreement on the future relationship between the UK and the EU is at this point not known, the existing studies have assessed the impact under different scenarios that cover a spectrum of possible outcomes. These typically encompass agreements such as that between Norway and the EU (EEA), those between Switzerland and the EU (EFTA) and, as a worst case scenario, where the WTO tariffs apply to merchandise trade. The recent policy paper by the UK government on future customs arrangements re-iterates that the UK will leave both the EU Single Market and the Customs Union (HM Government, 2017) , and at the time of writing progress in the exit negotiations has been slow and there is a possibility that these negotiations might fail. Both make a "WTO" outcome more likely. This paper uses detailed tariff information to generate estimates of the fall-back "hard Brexit" outcome of applying the EU's tariff schedule on third countries as registered with the World Trade Organisation (WTO) to trade between the EU and UK.
The WTO tariffs vary widely across products with many subject to a zero tariff while some products are subject to a tariff as high as 75% (for water pipe tobacco). Many basic products and commodities are subject to both an ad valorem tariff and a weight based tariff which often results in high overall levels of tariff. This implies that the aggregate impact of Brexit under a WTO scenario is a function of the detailed trade patterns and the impact will thus vary considerably across EU member states. For the UK the most important EU trading partners are Germany (10.2% of total merchandise exports) and France (5.9%) while countries such as Croatia (0.05%) or Latvia (0.07%) are less important. For countries such as Ireland (13.7%) and Cyprus (10.1%) the UK is a particularly important destination of merchandise exports while for others such as Croatia (1.7%) or Slovenia (2.2%) the UK is not a particularly important trading partner. Barrett et al. (2015) , in their study of the potential impact of Brexit on Ireland, highlight the significant concentration of Irish exports to and imports from the UK in a small number of products, some of which are subject to heterogeneity across sectors and products. Agri-food sector product trade in particular has been identified as being vulnerable to a WTO arrangement between the UK and the EU (see Matthews, 2015, Donnellan and Hanrahan, 2016) .
However, aggregate studies tend to ignore the impact of the heterogeneity of the tariffs and trade patterns. For example Bollen et al. (2016) , in their analysis of the impact of Brexit on the Netherlands, assume a tariff rate of 3% across all trade in their WTO scenario. This paper addresses this shortcoming in the literature by analysing the potential impact of the imposition of WTO tariffs at the 6 digit product level that encompasses 5205 product types, for both exports from the UK to other EU members and exports from EU members to the UK. The importance of taking into account the wide variation in tariffs across products is emphasised by Cipollina, Debucquet and Salvatici (2016) , who examined the effect of the EU's existing preferential trade agreements and the potential TTIP (Transatlantic Trade and Investment Treaty) negotiations with the USA by analysing the product level tariff rates.
Building up the analysis from the product level allows us to control for the differences in trade patterns across countries as well as differences in tariffs and in the responsiveness of demand for different products to price changes. The results show the extent of heterogeneity of a WTO scenario on the individual trade flows between the UK and each EU member state. With tariff rates across sectors varying from 0% to 50%, the tariff faced by each country depends crucially on the pattern of products traded. The total impact depends further on the elasticity of the trade flows and the share of each export partner in total trade flows. Overall reductions of 30% in EU to UK exports and 22% in UK to EU exports are computed based on conservative assumptions regarding the price responses across sectors to tariff increases. At a sector level, bilateral trade in food and textile products are close to being wiped out and trade in vehicles falls by over 60%. For EU countries exporting to the UK, the fall in trade ranges from 5% to 40%. For the UK, the dispersion around the average fall of 22% is more limited but the total impact on its world trade is larger given that its faces reductions in trade with multiple export partners.
The paper is organised as follows: Section 2 provides a brief overview of the current trade structure between the EU and UK. Section 3 describes the WTO tariff structure and presents implied tariffs by country and sector if these were applied to the current trade structure between the UK and each of the other EU member states. Section 4 then examines what the implications for export flows might be of these tariff-induced price increases. Section 5 concludes.
Trade between the EU and UK
Our analysis is based on bilateral trade flows between the UK and each of the 27 other member states of the EU from the United Nations ComTrade data source for 2015. We also downloaded the total world trade of each country to place the trade links between each member state and the UK in the context of their overall exports and imports. This data provides information on the value and unit or weight of over 5,200 product lines, defined at the HS 6-digit level. To give an example of the level of detail this represents, there are nine categories of milk varying by fat content and whether or not any sweetener has been added.
Each of the product lines is then matched to the external tariff applied by the EU to third country trade as registered with the World Trade Organisation (WTO), where there is no separately agreed trade agreement. In the event of a "hard" Brexit and no immediately agreed trade treaty, we assume these third country tariffs would be the fall-back or default position between the EU and UK. We further assume that these tariffs would be applied both by the EU and the UK. The UK's mirroring of the tariffs is perhaps a stronger assumption than that the EU would use these WTO tariffs as the default position, but we argue that it is a reasonable one for the short term as WTO rules require the same external tariffs to be applied to all members so, without an agreed trade deal, the UK will not be able to apply different tariffs to trade from the EU than it is willing to apply to all other countries.
Applying the tariffs to each product line by definition increases the price. To examine the impact this price increase is likely to have on trade flows, we combine the trade data with price elasticities of trade at a sector level from Imbs and Mejean (2016) . We use these to present estimates of the effects of a WTO scenario not just on overall trade between the EU and UK but also how the impact varies across countries and across sectors. Combining this with the information on the importance of trade between each EU country and the UK gives a picture of the level of exposure of total trade flows that the implementation of the WTO tariff rates would have.
Before examining the effects of applying tariffs, Table 1 describes the current pattern of trade between the UK and each of the other EU member states. The first two columns present the UK's exports and imports with each EU member as a share of total UK-EU trade flows. Germany is by far the largest trading partner of the UK within the EU, representing 23% of the UK's exports to the EU and 26.5% of its imports. France, Ireland and the Netherlands are the next most important trading partners, each accounting for around 13% of the UK's exports to the EU. For most countries, the shares of exports and imports are very similar; Ireland is an exception in this regard as it buys a much larger share of the UK's exports to the EU than it accounts for in the UK's imports from the EU. This represents the integrated wholesale market between Ireland and the UK and the relative size disparity between the two countries. The last two columns place the importance of UK trade with each member state in the broader context of their total (i.e. world)
trade. Looking first at the total trade flows, the UK is the destination for just under 7% of exports from EU countries. In contrast, the EU represents slightly over 44% of UK exports. Even though many (indeed, almost all) of the individual country observations show the UK as a more important share of total exports than they are as shares of UK imports, the totals of the two columns show a very different picture of the balance of trade. This is for the simple reason that the total for the UK as a share of EU exports is a weighted average of each of the 27 member states export flows, whereas the share of the EU in total UK exports is the sum of each of these 27 trade flows.
The importance of the UK in total trade for each member state gives a rather different picture of how a switch to a WTO tariff regime might affect different countries compared to looking at the shares of intra-EU trade only. Ireland now stands out as the most reliant on the UK market, followed by Cyprus, whereas Germany with its more global export reach is less vulnerable than the EU shares columns suggested.
WTO Tariffs by Country and Sector
The external WTO tariffs are levied on specific product lines and the variation is considerable.
Of the 5,000 individual products that are listed with the WTO, the tariffs applied by the EU on nonmembers without a specific trade deal range from 0% to over 80%. As a result, a WTO arrangement would impact trade quite differently across the current EU member states and across different sectors within each country. This section examines the differing WTO tariffs by product type shows how unevenly spread the implied price effects could be.
Tariffs can be applied in two different ways -most of the WTO tariff rates are ad valorem tariffs (i.e. charged as a percentage of the value of the goods being shipped) while others are applied as a charge per unit quantity or by weight. In some instances, the two methods are combined, as for example in the case of the tariff on fresh or chilled boneless bovine meat which is 12.8% of the value of the product plus €303 per 100 kg. The WTO also allows minimum and maximum ranges of both these tariff types to be registered with it -in Figures 1 and 2 , we show the range between the minimum and maximum rates. However, the subsequent analysis assumes that it would be the minimum rates that would be applied to EU-UK trade. Overall, the application of WTO tariff rates on exports from the EU to the UK would result in an average (minimum) tariff of 4.1%. The lowest tariff would be imposed by Luxembourg, which would charge just 2% on goods coming from the UK, whereas the tariff on the UK's exports to
Ireland would be almost double the average at 6% (with a potential maximum value of 11.7%).
Before looking in more detail at the sectoral structure, we can infer from the share of ad valorem compared to weight-based tariffs that the structure of the trade with the UK is quite different across many of the member states. A large part of the variation between the upper and lower bounds comes from the share of largely weight-based tariffs which are consistently higher on agricultural and food products. These types of product account for a much higher share of some countries trade with the UK, primarily Ireland, Portugal and Cyprus, compared to the trade of other EU countries.
The same applies in the other direction, as shown in Figure 2 . Overall, the implied tariff that would be imposed by the UK on goods coming from the EU would be higher than that applied in by the EU and there is also greater variation. The average minimum tariff would be 5.7%, but tariffs imposed on imports from Denmark and Ireland would be over 10% (with the maximum values potentially as high as 18% in the case of Ireland). Again large differences in the sectoral structures of the trade flows are hinted at by the relative balance between ad valorem and weight-based tariffs across the different countries.
Before turning to this issue of sectoral variation in the tariff rates, we provide a calculation in imports from the EU -it makes up 5% of the UK's imports but would be charged close to 20 % of the total EU tariff. Germany, on the other hand, would be liable for just under 18% of the tariff owed to the UK, despite accounting for over 28% of the trade flows.
The reason for this variation across countries reflects the very different tariff rates applied to products and hence the "implied" tariff rate per country is driven by its current structure of trade flows with the UK. The extent of the tariff variation across sectors is shown in Figure 3 (aggregated up to the HS 2-digit level). A number of sectors would face either no tariff at all or a rate set very close to zero: these include paper products, pharmaceuticals, iron and steel. Art and antiques are also charged a zero tariff rate although there may be other restrictions on their export if they are judged to be of national cultural value -this type of non-tariff barrier is beyond the scope of this paper.
There is a large intermediate set of sectors with tariff rates rising from 1% to around 10%.
There comes something of a step-change in the rates applied to the last 15 out of our 100 2-digit sectors, which face rates going from 10.3% on footwear to 49% on meat products. Recall that these are average rates for each sector and there may be further variation on individual products within each group -we gave an example earlier of a specific beef product with combined ad valorem and weight-based charges that came to an equivalent tariff of almost 80%.
The fifteen sectors in the high tariff category all fall within the broader headings of food, clothes and tobacco products. Countries in the EU either exporting or importing these products to and from the UK face very different tariff barriers from those producing other types of manufactured products and particularly those exporting higher technology products such as electrical and telecommunications equipment or precision instruments which attract tariffs not far from 1%. 
Figure 3: WTO Implied Tariffs on UK to EU Exports by Product
Overall, Figure 4 shows that there is no particular correlation evident between the tariff rate and the share of the sector in UK to EU trade (the EU-UK scatter plot is similar). In other words, we do not find any systematic pattern of higher tariffs on high or low trade shares, although none of the UK's most important exported sectors (those with trade shares over 7% each) are amongst the group of 15 sectors that face the highest tariff rates.
Although there is no strong correlation between the tariff and trade share, it is of some interest to take a closer look at the details of the tariff rates across sectors and where they play an important role in UK trade. Tables 3 and 4 present two sub-sets of sectors -those with the highest tariff rates and those with the highest trade shares respectively. Only one sector appears on both tables -food residues and animal feed which has a tariff of 19% is the only high-tariff product included in the top 15 trade shares, albeit towards the bottom of the list representing under 2% of UK exports to the EU.
Importantly for the potential tariff exposure, the total share of all of the sectors listed as hightariff in Table 3 account for just over 7 % of total UK exports to the EU. In contrast, in Table 4 , we see that the top three products which combined account for one-third of exports would all face tariffs close to the lowest on the scale (1.18 to 3.95 %). 
Trade Implications of Tariff-Induced Price Increases
The application of any tariffs would be expected to feed through into prices. In the absence of information on market structure, we make the assumption that the full tariff amount would be incorporated into the price, although in practice some of the incidence could be absorbed by producers. We then examine what this tariff-induced price increase would do to trade values across all of the products being exported from the UK to the EU countries and vice versa. The total trade impact is a combination of the size of the price increase caused by the tariff and the sensitivity of each product to price changes. Given our focus on the heterogeneity of the impact of a WTO scenario on countries and products, it is important that we allow the trade price elasticity to vary.
Unfortunately, this cannot be done at the very detailed product level but sector level elasticity estimates have been calculated by Imbs and Mejean (2016) .
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These estimates provide a range of values for each sector -in Figure 5 we show the range of trade reductions associated with the mean, median, maximum and minimum values of elasticities for each sector. 2 Thereafter, however, in looking at the detail of effects on countries and sectors, we take the conservative approach of focusing on the effects generated by using the median elasticity estimate for each sector. The median elasticity estimates range from a low of -2.8 for tobacco products to highs of -10.9 for measuring equipment and -10.5 for wearing apparel. Food products, which are particularly of interest given the very high tariffs that they attract, have a relatively high median elasticity of -6.1.
Combining the price increases and elasticity estimates generates a fall in EU to UK trade by 30 % and a 22 % reduction in UK to EU trade if median elasticity estimates are used. The mean elasticities are slightly higher and would generate falls of 37% in EU-UK trade and 27% in UK-EU trade. The upper and lower bounds of the estimates are given by the maximum elasticity estimates which would generate trade falls of 56% and 45% in EU-UK and UK-EU trade respectively and the minimum estimates would result in trade declines of 17% and 12% respectively.
While these are substantial aggregate effects, the main focus of this paper is the uneven impact of the Brexit WTO scenario given the differing structures of trade with the UK across EU countries.
Putting together the tariff rates, which we saw earlier varied considerably across countries, with the elasticity response to the price increase, gives us country by country estimates of the trade reaction to a WTO scenario. Figure 6 shows the extent to which the trade reductions would impact on each of the EU members. The variation in the effect on exports to the UK is greater than that of imports from the UK given that the structure of imports from the UK varies rather less across countries than does the composition of each country's exports to the UK. Countries such as Cyprus, Estonia, Finland and Latvia would be relatively modestly affected by the implementation of WTO tariffs, seeing their exports to the UK fall by between 6% and 11%. Countries that would see export reductions to the UK well in excess of the average effect of a 30% fall are Denmark, Spain and
Romania, who would all see reductions in the order of 40%, and Slovakia which would be the most severely affected in terms of its exports to the UK project to decline by 59%. The high tariff rates associated with some products -primarily food and clothing -when combined with the price elasticity response would result under our calculations in a number of product lines ceasing to be traded altogether. As shown in Figure 7 around 10% of the over 4000 products exported by the UK to the EU would be dropped as a result of the price increase induced by WTO level tariffs. The variation in the percentage of product lines dropped by the UK is fairly stable across EU partners. There is variation in the number of product lines shipped to each partner country with a broader product range in general sold to the larger countries; for example, the UK sells over 4,400 products to Germany and France compared to 2,200 to Croatia.
The impact on product lines exported again varies more for exports from EU countries to the UK, although this measure is not entirely correlated with the overall projections of the size of the trade impact as the products wiped out may be those already trading a relatively small volume. For example, Cyprus experiences the largest decrease in number of products exported (31%) although its total trade reduction was a relatively modest 11%. On the other end of the scale, Estonia remains one of the least exposed countries by this metric as well as having one of the lowest falls in the trade value estimates. Other countries that would see a substantial percentage of products likely to no longer be viable as exports to the UK are Malta, Bulgaria and Latvia. 
EU-UK UK-EU
After the food groups, one of the most affected sectors is vehicles. Despite not having one of the highest tariffs (7.9%) it is a sector that has one of the higher sensitivities to trade price changes (median elasticity of -8.0). It is also a highly traded sector that accounts for a significant share of exports from a number of countries, so the size of its trade reduction will have a relatively high weight in the total trade adjustment.
We have focused so far on the extent of the reductions in bilateral trade between each EU member state and the UK. In order to get a full picture of the impact on each country, it is also important to consider how large a share of total exports and imports is accounted for by the UK. Table 5 presents the size of the reductions in each member states trade with the UK (exports to the UK in the first column, imports from the UK in the third column) which were already discussed in in their exports to the UK. However, because the UK is a much larger export partner for Ireland, this corresponds to a 4.17% fall in total Irish exports whereas the total reduction in Polish exports is just over 2%. Slovakia has the highest estimated reduction in exports to the UK and is still one of the most exposed when we look at the change in total exports but the impact is scaled down considerably.
A number of countries would see minimal impacts in total trade -Estonia, Finland, Latvia and Slovenia all have reductions of less than half of one per cent. Ireland is the most severely affected when total trade is used, followed by Belgium and Slovakia who also see reductions in excess of 3%.
Looking at the effect on the UK of reductions in total exports, we see there are a number of the largest falls in flows with an individual partner country that do not translate into significant effects on total trade such as the 33% fall in exports to Cyprus which would contribute a 0.04% fall in the total. The just under 20% fall in exports to Germany is of considerably more weight, impacting total exports by almost 2%.
The final row of Table 5 summarises the total impact on trade flows of the imposition of a WTO tariff regime. Exports from the EU to the UK are estimated to fall by 30% and exports from the UK to the EU by 22%. Each EU member is each facing a reduction in trade with a single export partner in this scenario so the effect on total EU exports is a reduction of 2.13% (a trade-weighted average of each country's reduction in column 2). However, as the UK is facing reductions in 27 trade flows, the impact on its total exports is the sum of all the individual effects in the last column which gives an overall reduction in exports of 9.8%. 
Summary and Conclusions
This paper digs into the detail beneath a WTO scenario for post-Brexit UK-EU trade.
While the aggregate economic impact of such a scenario have been investigated the wide variation in tariff rates, and hence heterogeneity in sectoral and country-level impacts, has not been previously studied. Taking the 5200 products listed in the EU external tariff schedule and applying them symmetrically to EU-UK trade shows effective tariff rates ranging from 2% to 11% by country. Across sectors, the variation is more dramatic, ranging from 0% to 50% reflecting the differences in products traded. Combining these tariff-induced price increases with elasticity response estimates, we calculate the total effect on trade by country. The EU's exports to the UK would fall by 30% representing a 2% reduction in its total world trade.
Ireland and Belgium would be the most exposed, losing 4% and 3.1% of their total exports respectively, whereas some countries such as Estonia and Finland would see reductions in their total trade of less than 0.3%. The UK's exports to the EU would fall by 22% but as these reductions apply to 27 trading partners, the aggregate effect is larger than that of the EU with the UK facing a fall in its total trade of 9.8%. Trade in some specific sectors, such as food and textiles would be close to wiped out while others would be almost unaffected. The severity of the impact is therefore driven critically by the product structure of current trade flows between the UK and each individual EU member.
As a final note on considerations that are beyond the scope of this paper; we examine specifically the impact of WTO tariffs on UK-EU trade but maintain the assumption that the UK stays a member of the customs union with the EU. This means that we do not examine the impact of any potential changes in tariffs that the UK might apply to other countries in the event of no longer being tied to the common external tariff it currently applies as an EU member. A decision by the UK to deviate from the common external tariff means removing itself from the EU customs union which in turn means that customs checks and documentation to comply with rules of origin would need to be implemented in order to prevent third countries from transiting goods through the UK to avoid higher EU tariffs (Sapir, 2016) . This example highlights further the very broad range of channels through which decisions on the path of Brexit could impact on not just European and British but also world trade flows.
